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Wart associated antigens were observed by the indi-
rect immunoperoxidase technique in light and electron 
microscopy. Positive reaction products could be found in 
the nuclei of wart cells, in which virus particles were 
labeled with a specific immune rabbit serum and with 
human sera from patients with warts. Tissue antigens, 
differing from the viral labeled inclusions, were detected 
within the cytoplasm of some infected cells, by means of 
IgM and IgG antibodies from patients with warts. In 
these particular cells the positive reaction occurred in 
irregular patterns giving microgranular precipitates, 
which suggests that the antigen was not uniform. No 
staining was observed on the cell surface. This study has 
shown direct immunomorphological evidence in vivo of 
a specific immune reaction in man directed against 
whole virus and wart specific cellular antigens. 
Human warts have been considered as an experimental model 
for the study of human viral oncogenesis, since they represent 
neoplasms induced by a papova virus, closely related to poly-
oma, SV4o and Shope papilloma viruses [1]. The host immune 
response, if responsible for the biological control or regression 
of warts, seemed to be directed toward both the tumor-specific 
tissue antigens and the structural antigens of the virions. Many 
studies have reported specific humoral and cellular immunity 
to human papilloma virus (HPV) in patients with warts. Wru·t 
specific virus antibodies occurring during the course of HPV 
infections have been described [2-5] as well as anticellulru· 
antibodies specifically staining wru-t cells in immunofluores-
cence (IF) [6]. A cellular immunity to HPV and wart cell 
extracts has also been detected by in vitro testing [7-9) and 
recently' an in vivo study of cell mediated immunity (CMI) to 
HPV, using intradermal (ID) testing, has shown the existence 
of a specific immune reaction to the viral agent which induces 
warts [10,11]. 
This study was aimed at determining the precise location of 
wart cellular antigens with specific host immunoglobulins, using 
the indirect immunoperoxidase technique in light and electron 
microscopy. The detection of the ultrastructural localization of 
wart associated antigens in vivo may be of great value in the 
understanding of their biological significance. 
MATERIALS AND METHODS 
Collection. of Warts 
Plantar warts were collected by means of surgical excision, immedi-
ately frozen in liquid nitrogen and stored at -25°C. 
Manuscript received July 25, 1977; accepted for publication October 
30, 1977. 
This work was supported by l.N.S.E .R.M . contract ATP 1977-1979. 
D. Schmitt is Charge de recherche INSERM. 
Reprint requests to: J. Viae, Clinique Dermatologique, Hopital 
Edouard Herriot, 69374 Lyon Cedex 2, France. 
Abbreviations: 
CMF: cell mediated immunity 
HPV: human papilloma virus 
ID: intradermal 
IF: immunofluorescence 
PBS: phosphate buffer solution 
Virus Purification 
HPV was obtained from plantar warts and virions were purified 
according to the procedure described by Pass and Marcus [12]. Briefly, 
an homogenate of plantar warts was centrifuged several times. The 
pellet of viral particles, so obtained, was then purified by isopicnic 
equilibrium centrifugation in 2 successive Cesium chloride gradients. 
The 2 visible bands corresponding to full particles and empty capsids 
were collected separately and dialyzed. Full particles were used for a 
rabbit immunization. 
Rabbit Antiserum 
A rabbit was injected intramuscularly with 1 mg of purified HPV 
protein, emulsified in an equal volume of Freund's adjuvant, and after 
5 weeks it received 0.75 mg HPV protein by intravenous injection. The 
serum was collected 8 days after the last injection and was tested by 
immunodiffusion in agar gel (Ouchterlony) against HPV and in indirect 
IF on human wart sections. 
Human Sera 
Sera were taken from 90 patients having warts and selected for the 
presence of wart specific virus and anticellular IgM and IgG antibodies 
by indirect IF. From these sera, those showing the highest positive 
reaction were used in immunoelectron microscopy studies. 
Immunofluorescence Staining of Wart Sections 
Indirect IF tests were performed as described by Genner [13]. Sheep 
antihuman IgG and anti-human IgM conjugates (Behring-Hoechst) 
were used after absorption and dilution. Frozen sections of warts, which 
showed specific nuclear fluorescence with rabbit HPV antiserum, were 
used to detect antibodies in the patients' sera. The specificity of the IF 
test was shown by the absence of staining in the preimmune rabbit 
serum and in human sera derived from children under the age of 5 yr, 
who did not have warts. Sections of normal adult skin, exposed to the 
positive sera, also failed to yield fluorescence. All sera were tested at a 
dilution of 1/ 10 and slides were viewed with a Leitz fluorescence 
microscope (epi illumination, Orthoplan) . 
Immunoperoxidase Staining of Wart Sections for Light and 
Electron Microscopy 
Conjugates 
The conjugates used were sheep antirabbit Ig and sheep anti-human 
lgM and IgG conjugated with peroxidase (Institut Pasteur, Paris) at a 
dilution of 1/10 in phosphate buffer solution (PBS). 
Immunoelectron Microscopy 
15 11- Cryostat sections were mounted on a glass slide in a drop of 
phosphate buffer ss,line (PBS) containing 1% egg albumen. They w~re 
dried in the open and then in a drying cupboard at 37°C for 15 mm. 
After brief and gentle washing in a grooved box, they were incubated 
with the different antisera (30 min, 1/ 10 dilution). After washing in 
PBS (twice for 10 min) sections were incubated with the conjugate for 
30 min at 37°C (1/ 10 dilution) . 
The sections were then washed twice in PBS and fixed in 2% 
glutaraldehyde in 0.1 M sodium cacodylate buffer (15 min at 4 °C) . After 
washing in sodium cacodylate buffer, the sections were washed in 0.2 M 
Tris-HCl buffer at pH 7.6. 
The peroxidase activity was revealed by the Graham-Karnovsky 
medium [14] for 30 min at room temperature (10 mg of 3,3' diamino-
benzidine in 10 ml of Tris-HCI buffer with 1% hydrogen peroxide) . The 
sections were then washed for 10 min in Tris-HCl buffer and postfixed 
in 1% osmium tetroxide in 0.1 M sodium cacodylate at pH 7.2 for 20 min 
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at room temperature and dehydrated by short baths (5 min) of 70%, 
95% and 100% alcohol. 
The sections were impregnated in Epon for 1 night and by the final 
inclusion compound for 1 hr. The sections were included in an Epon-
filled gelatin capsule, replaced on the glass slide and placed in the 
drying cupboard for 1 to 3 days at 60°C for polymerization. The glass 
slides, together with the gelatin blocks, were plunged into liquid nitro-
gen. The glass slides broke into pieces and the polymerized blocks 
containing the sections were recovered. The blocks thus obtained were 
cut using a Reichert ultramicrotome into semifine sections of 1 11 for 
light microscopy and fine sections, mounted on grids, and observed 
without supplementary contrast under a Hitachi Hu 12A microscope 
and a P hilips EM300 at 50 kv. 
Controls 
Immunofluorescence studies on plantar warts with various sera were 
used as controls of labeling specificity. Pre-immune rabbit sera and sera 
from children below the age of 5 who did not have warts were used as 
negative controls. Immune rabbit serum and human sera from patients 
with warts were used as positive controls. 
Experiments using immunofluorescent and immunoperoxidase label-
ing of normal skin were also carried out and interpreted on light 
microscopy. 
Light Microscopy 
The same experiments were also carried out on frozen sections of 
6 11 for immunocytochemical examination under light microscope only. 
RESULTS 
During examination in light microscopy of the thick wart 
sections, it was seen that the peroxidase reaction products 
reproduced the same pattern of specific labeling as we had 
FIG 1. Immunolabeling of nuclei of vacuolated and nonvacuolated 
malpighian cells (anti-HPV rabbit serum) (reduced from X 1200). 
FIG 2. Nuclei (l') and cytoplasm (l' )') of wart cells (lgM antibody 
from a patient with warts) (reduced from X 800). 
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· FIG 3. Positive nucleus labeled with the immune rabbit serum where 
nuclear material appeared entirely replaced by virus particles (up) 
surrounded by a thin rim of highly electron dense material (reduced 
from x 9000) . 
FIG 4. Immunolabeling of nuCleus ( N) with human IgG from a 
patient with warts. V, vacuole and up, viral part icles (reduced from X 
6800). Detail of the labeling of viral particles (reduced from X 120000). 
shown by IF techniques. With the immune rabbit serum, stain-
ing was located in only some of the nuclei of vacuolated and 
nonvacuolated malpighian cells (Fig 1) . The same phenomenon 
was obtained with lgM and IgG antibodies of patients with 
warts. Moreover, human sera showed staining of wart cells in 
the cytoplasm, especially with lgM antibody (Fig 2) . This 
positive reaction pattern, seen in the cytoplasm, was also de-
tected in some of the cells with or without positive nuclei, 
although only a small number of the whole wart cell population 
were stained. Normal skin sections and control sera did not 
reveal any specific labeling with this procedure. 
During examination of the immune rabbit serum in electron 
microscopy, positive nuclei showed viral particles associated 
with chromatin, especially euchromatin (Fig 3) to be covered 
with deposits of electron dense material. In the cytoplasm, some 
cells exhibited viral particles which had been released from the 
nucleus by disruption of the nuclear membrane. In some cases 
the material of the nucleus appeared to be entirely replaced by 
virus particles, surrounded by a thin rim of highly electron 
dense material in the periphery of the euchromatin. The posi-
tive labeling of the virus particles had a tendency to become 
weaker at the center of the nucleus (Fig 3). This occurrence 
may be due to a low density of virus aggregates, or to an 
incomplete maturation of the particles. 
Electron microscopic examination of sections exposed to hu-
man sera revealed similar changes. Labeled deposits were seen 
dotted round the nuclear membrane (Fig 4) . 
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Moreover, within the cytoplasm of wart cells, specific but 
weak labeling was located at the site of ribosomes in small 
deposits between keratinous filaments (Fig 5 and 6). At high 
magnification the morphological aspect of this dense material 
was seen to be different from that produced by virus particles 
present in the cytoplasm (Fig 6). Wart cells did not show any 
labeling of the cytoplasmic membrane, nor in the intercellular 
space. 
DISCUSSION 
Different viruses have recently been studied using the im-
munoperoxidase technique in cell cultures for virus identifica-
tion [15-19] and for the detection of viral induced cellular 
antigens [20]. 
The immunolabeling of antigens on sections mounted on 
glass slides [21] allows a comparative study by light and electron 
microscopy. Its application to a cutaneous viral induced tumor 
in man is an attractive model, since the specificity of the host 
humoral response directed toward this tumor can be ascer-
tained. The specificity of the reaction was confirmed by tech-
nical and biological control experiments. Reaction products 
were neither found in the nucleus or cytoplasm of wart cells 
with negative sera, nor in normal skin with positive human 
sera. Like many other authors, we have shown that immuno-
peroxidase and IF gave similar results [22]. The ultrastructural 
staining of virus particles with human sera, or with the immune 
rabbit serum was a direct immunomorphological indication of 
FIG 5. Immunolabeling of cytoplasmic antigen (--+) in wart cells with 
human IgM. No labeling of the intercellular space (ICS) or cellular 
membrane (M). t, tonofi.laments (reduced from X 36000). 
FIG 6. Labeling of cytoplasmic antigen with a comparative inset of 
virus particles (up) released into cytoplasm at the same magnification. 
ICS, intercellular space and t, tonofi.lament (reduced from X 40000). 
host immune response towards the virus (HPV) which induces 
warts. 
The weakly positive labeling of some virions inside the nuclei 
may possibly be explained by a low affinity of specific antibodies 
to immature particles rather than due to a defective penetration 
of the reagent into the cells; excellent specific labeling of viral 
particles at the center of the nucleus is seen in Fig 3, suggesting 
that penetration of agents is adequate. 
The positive reaction products located in the peripheral 
regions of the nuclei seemed to be analogous to the soluble 
tissue antigen diffusely distributed throughout the nucleus of 
the epidermal cells, described by Pass and Marcus [12]. Its 
localization pattern seemed also to be analogous to that of the 
T antigen which was induced by an oncogenic DNA virus 
infection and detected by IF and immunoelectron microscopy 
[20,23-25]. 
Human sera showed a staining of the cytoplasm that was not 
detected with the immune rabbit serum suggesting that cellular 
antigens are not structural components of the complete virions. 
Pass and Marcus [12] isolated a soluble tissue antigen from 
human skin warts by antibody sepharose immunoadsorbants, 
with which they demonstrated a localization at the cell surface 
by IF and considered it as a component of the cell membrane, 
or within the intercellular space. No positive reaction with 
human sera showed such labeling since electron dense material 
was always located within the cytoplasm and associated with 
ribosomes. 
Positive reactions were observed in a few malpighian cells 
only, and no explanation can be made to explain the low 
percentage of positive cells. Fwthermore, staining was obtained 
more frequently with IgM than IgG antibodies and may suggest 
that this tissue antigen induces a host immune reaction too 
small to produce a response of IgG type. 
This study revealed a host specific humoral immunity to 
both the viral agent inducing warts and cellular antigens that 
do not seem to be structural components of the virion. Recently 
CMI to HPV was observed by skin testing [10,11], but wart 
associated tissue antigens that also induce a specific humoral 
immunity in patients must be studied to gain a better under-
standing of the immune reaction involved in the resolution of 
warts. 
We are grateful to Dr. Y. Chardonnet for advice on virus purification, 
to Dr. M. Chabanon for collection of warts, and to Miss D. Germain for 
excellent technical assistance. · 
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